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ABSTRACT
Background and aims Behavioural support increases smoking cessation in clinical settings, but effect sizes differ among
providers, due possibly to variations in delivery. This study evaluates a measure (‘ﬁdelity index’) intended to capture ﬁdelity
to delivery of content- and interaction-based items of a behavioural support (BS) for smoking cessation and the association
of ﬁdelity with quit rates.Methods A ﬁdelity index for scoring the adherence and quality domains of a speciﬁc BS inter-
vention, ‘5As for quit’, was developed by classifying the intervention components using the taxonomy of behaviour change
techniques. The index was applied to code 154 BS sessions audiotaped among 18 chest clinics in Pakistan to assess their
ﬁdelity and explore reliability of coding. The association between intervention ﬁdelity and successful quit achieved by the
same providers in a previous study was explored using regression analysis. Results The index represented two domains:
adherence to delivery of content-based activities of 5As (37 items) and quality of interaction-based activities (eight items).
The intercoder reliability was good for content-based (average Krippendorff ’s α = 0.80) andmoderate for interaction-based
(average Krippendorff ’s α = 0.66) items. Approximately 70% (intraclass correlation coefﬁcient: adherence scores = 0.72,
quality scores = 0.71) of variation in BS delivery was contributed by providers, which increased to 97% (g-coefﬁcient: ad-
herence scores = 0.973, quality scores = 0.974) after accounting for other sources of variation. Higher quit rates were
positively associated with average quality scores [risk ratio = 2.15; 95% conﬁdence interval (CI) = 1.43–3.24], but nega-
tively associated with average adherence scores (risk ratio = 0.55; 95% CI = 0.40–0.77) within services.
Conclusions The ﬁdelity index is a reliable measure for quantifying intervention ﬁdelity of delivering smoking cessation
behavioural support. Recommended revisions of the ﬁdelity index include incorporation of additional interaction-based
items, such as the relational techniques used in motivational interviewing.
Keywords Behaviour change techniques, behavioural support, ﬁdelity index, ﬁdelity scores, intervention ﬁdelity,
smoking cessation.
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INTRODUCTION
Behaviour change interventions are complex, consisting of
multiple, often interacting features [1]. Behavioural sup-
port, a promising intervention for smoking cessation in
low resource settings, consists of advice, discussion, en-
couragement and activities designed to change smoking
behaviours [2,3]. Behavioural support, if delivered as
planned, on average produces expected cessation outcomes
[4,5]. For inferences to be drawn from effectiveness studies,
participant characteristics, intervention delivery, compe-
tence of the provider and the interaction between provider
and patient need to be measured and their inﬂuence esti-
mated [6].
In practice, behavioural interventions are often deliv-
ered inconsistently [7,8], resulting in variations in out-
comes [9–11]. For example, a behavioural support (BS)
intervention was offered to smokers attending chest clinics
in Pakistan: Action to Stop Smoking In Suspected Tubercu-
losis (ASSIST), and was found effective [relative risk 8.5,
95% conﬁdence interval (CI) = 3.7–19.6)] [12]. However,
the wide variation in quit rates among chest clinics (7–
70%) and a high intraclass correlation coefﬁcient
(ICC = 0.28), indicated the strong inﬂuence of clinics in
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determining the success of the intervention. Context,
factors extrinsic to the intervention that tend to hinder or
bolster its effect [13] including training and technical sup-
port to the providers, is likely to inﬂuence outcomes [14].
The competences of the providers, their motivation and in-
tention to provide support, the efﬁciency of the system and
organizational structure stretched practice time for cessa-
tion provision and the providers’ own smoking status; all
supplemented the complexity of the BS delivered in
ASSIST [15].
Intervention ﬁdelity helps to attribute effects more ac-
curately by explaining variation and increases conﬁdence
in interpretation of outcomes [7]. For example, where there
are no ﬁdelity assessments, effects could be wrongly attrib-
uted to the intervention itself rather than a difference in
provider competence [6]. Equally, the potential emergence
of an intervention effect may be masked by variations in
the extent and quality of its delivery [6]. Conceptual models
of ﬁdelity differentiate between ﬁdelity of design, training,
delivery, receipt and enactment [13,16]. Fidelity of delivery
is the degree to which an intervention is actually imple-
mented as intended to the patient by the provider [17]
and encompasses two main concepts: what is delivered
and how it is delivered [18]. Fidelity to delivery of BS for
smoking cessation was the mainstay of this study, and thus
the term ‘ﬁdelity’ in this paper refers broadly to the element
of delivery. Measuring ﬁdelity could document differences
in delivery practices [19] and compare the implemented in-
tervention components to the theory base by linking with
outcomes [20,21].
It is feasible to reliably assess the ﬁdelity of behaviour
change interventions in clinical practice [22]. However,
there is limited evidence regarding methods for quantifying
ﬁdelity within complex behaviour change interventions
[23]. A method to measure ﬁdelity to BS delivery requires
capturing what is delivered: both its content- and
interaction-based activities [13,16] and quantifying how
these are delivered [24,25]. These can be conceptualized
as compositional/structural features forming items of the
index and functional/process features forming the anchors
to quantify each item. While studies have previously devel-
oped methods to characterize the content of BS using the
behaviour change techniques (BCTs) taxonomies [26–29]
and BCT associations with outcomes [30], these limit rat-
ings to the delivery process and their predictive value for
outcomes. The extent to which ﬁdelity of delivery of a BS in-
tervention inﬂuences smoking cessation outcomes remains
unclear.
The purpose of this study was to develop a BCT-linked,
reliable method of rating intervention delivery (‘ﬁdelity in-
dex’) and determine ﬁdelity’s association with smoking ces-
sation outcomes. We report how we developed this index
using BCT taxonomy, evaluated its psychometric properties
and explored associations with quit rates.
METHODS
The study was conducted in routine tuberculosis (TB)
services in Pakistan, involving the same sites as the ASSIST
trial [12] and the health workers trained to deliver BS for
smoking cessation. Ethics approval was obtained from the
Health Sciences Research Governance Committee
(HSRGC) at the University of York and the National Bio-
ethics Committee at Pakistan Medical Research
Council (PMRC).
STUDY 1: DEVELOPMENT OF THE
FIDELITY INDEX
Quantifying ﬁdelity was conceptualized using measure-
ment methods in the psychotherapeutic [31], health and
education literature [21,32,33]. First, items were gener-
ated, then response scale options for each item were con-
structed, and ﬁnally experts carried out the content
validation of the ﬁdelity index.
The logic model for measuring ﬁdelity and the concep-
tualization of its compositional and functional features
are shown in the Supporting information, Figs S1 and S2.
BS in ASSIST study was structured using the 5As (Ask, Ad-
vise, Assess, Assist, Arrange) to quit model [34]
(Supporting information, Table S1). A conﬁrmatory ap-
proach [31] to critical components technique was used to
generate index items (Supporting information, Table S2)
by identifying intervention activities that were measurable
[32]. Activities were mapped using the smoking cessation
BCTs [35], which provided the coding framework for the
intended BS delivery. BCTs with a focus on speciﬁc behav-
iour (address motivation, maximize self-regulation) were
mapped to the content-based items, which were expected
to constitute a score representing the adherence to the BS
(A score). Those with a focus on general aspects of interac-
tion (delivery of intervention and general communication)
speciﬁed the interaction-based items, expected to represent
the quality of interaction (Q score) (Supporting informa-
tion, Table S3).
To detect meaningful variation in delivery rather
than the mere presence or absence of delivered items
[36], a three-point ordinal response scale—fully, partially
or not implemented—was chosen per item, such that
the sum across item scores would provide a ﬁdelity score
reﬂecting the degree of implementation [37,38]. The re-
sponse scale of each item used behavioural anchors that
were operationally deﬁned using the interaction style
speciﬁed in the BS training manual (Supporting informa-
tion, Table S4).
The items of the ﬁdelity index were evaluated in a small
Delphi study, which did not lead to any changes to the in-
dex (details in Supporting information, Appendix S1).
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Psychometric validation of the ﬁdelity index
Design and settings
The index was validated using an observational study in
chest clinics in the Jhang and Sargodha districts of
Pakistan in 2014, the sites of the ASSIST trial.
Participants
Providers were health workers responsible for dispensing
medicines and recording patient data at the chest clinics.
All those who delivered smoking cessation in the ASSIST
trial were eligible to participate. Those who consented were
offered a refresher training on BS for smoking cessation;
each chest clinic had one provider.
Adult TB patients attending the chest clinics and
smoking on a daily basis, except those who required
hospitalization, were eligible to participate upon consent.
The number of providers (n = 18) was set by the num-
ber of participating chest clinics from ASSIST and was con-
sidered sufﬁciently diverse for themain analysis focusing on
inter-coder reliability of the individual items. The sample
size for individual items was evaluated via Krippendorff ’s
α [39]. As the distribution of this statistic is not known
[39], determining a minimal sample size for a speciﬁc level
of accuracy is not directly possible. We evaluated the
impact of different sample sizes (n = 50–250) on the
breadth of its bootstrapped conﬁdence interval for scenar-
ios with α ≈ 0.70 and low as well as average ﬁdelity ratings
across three coders. The results indicated that the breadth
of the index’s conﬁdence interval shrank substantially
from n= 50 (~0.26) to n= 100 (~0.15), but that the gains
were less substantial beyond that (e.g. n = 200, interval
breadth ~0.13). We therefore aimed for at least n = 100
observations.
Measures
Three bilingual coders with a graduate degree in social or
health sciences, trained on reliably specifying BS [40],
coded sessions independently by listening to audiotapes.
Disagreements on item ratings were resolved by discussion
and a fourth (consensus) index ﬁlled for each item on
agreed scores.
Analyses
The scores were summarized both for each item using
mean,median and standard deviations and for each domain
of the index, i.e. adherence (Ascore) and quality (Qscore),
using the mean and 95% CIs supplied by the provider.
Psychometric properties of the ﬁdelity index were
assessed using three approaches: inter-coder reliability,
principal components analysis (PCA) and via a generaliz-
ability study (G-study) [41]. Inter-coder reliability and
PCA assessed the item scores, while the G-study assessed
the domain scores. All analyses were conducted in SAS ver-
sion 9.4 (Cary, NC, USA; syntax in Supporting information,
Table S5).
Inter-coder reliability of the item scores was computed
using Krippendorff ’s alpha [42], and interpreted as poor
for values of α < 0.67, moderate between 0.67 and 0.80
and good for α > 0.80 [43]. To identify items that reliably
loaded across all coders, PCA with promax rotation was
employed [44]. Adherencewas further analysed to discrim-
inate dimensions of the content-based items. The G-study
assessed the reliability for measuring provider differences
in intervention ﬁdelity under generalizability theory. It in-
volved three sequential steps: identiﬁcation of important
sources of variation, variance partitioning and computa-
tion of coefﬁcient of generalizability (g), detailed in the
Supporting information, Appendix S2.
Sensitivity analyses included: (i) estimation of the crude
ICC and (ii) modelling district as a ﬁxed effect to test for sys-
tematic differences in ﬁdelity (Supporting information,
Appendix S2).
STUDY 2: ASSOCIATION BETWEEN
INTERVENTION FIDELITY AND
OUTCOMES
Design
The ﬁdelity scores (study conducted in 2014) for both ad-
herence and quality were linked with quit rates achieved
by the same providers in the ASSIST trial, conducted in
2010 [12]. Patient data were aggregated at service-level
for both studies.
Measures
Outcome involved self-reported 6-month continuous absti-
nence, veriﬁed bycarbonmonoxidemeasurement of 9 parts
per million (p.p.m.) or less [45] for 1299 patients from the
ASSIST trial [12]. The proportion of patients who quit by
providers (n = 22) were used in analysis.
The predictor variable involved standardized adherence
and quality scores aggregated by provider.
Contextual variables (from both studies) used provider
practice scores based on the self-record checklist of selected
intervention components. The purpose was to establish
consistency in providers’ practice despite the time interval
between ASSIST trial and this study (detailed in Supporting
information, Appendix S3).
Analysis
Intervention ﬁdelity was described by the percentage of ses-
sions that fully, partially or did not implement BS activities.
Patient characteristics for both studies are provided in
Supporting information, Table S6. Kendall’s W statistic
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measured the pairwise concordance in providers’ practice
over time.
Binomial regression was used to estimate the associa-
tion between average ﬁdelity scores and quit rates, within
a service (SAS PROC GENMOD). Risk ratios (RR) and
95% CIs were reported. Both ﬁdelity scores were centred
for use in the interaction term.
RESULTS
The ﬁdelity index (Supporting information, Table S7)
consisted of 45 items overall, 37 for measuring adherence:
content-based items and eight for measuring quality:
interaction-based items.
Study 1. Psychometric validation of the ﬁdelity index
Between February and May 2014, 180 patients were en-
rolled into the study and received BS for smoking cessa-
tion at 19 chest clinics (Fig. 1). Three coders scored 154
audiotaped BS sessions for ﬁdelity providing 462 data-
points.
Description of item and domain scores and inter-coder reliability
Items 10, 12, 39, 40 and 44 showed very little variance,
exhibiting ﬂoor and ceiling effects (Supporting information,
Table S8). For items 10 and 12 the average score
approached the maximum possible value of 2 (ceiling ef-
fect) as the majority of the providers fully implemented
them. For items 39, 40 and 44 a ﬂoor effect was observed,
as the majority of the providers did not implement them.
Figure 1 Study ﬂowchart [Colour ﬁgure can be viewed at wileyonlinelibrary.com]
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Items 12, 22 and 24 to 28, 38, 39 and 40 showed
lower agreement (Krippendorff ’s α < 0.67) between the
three coders (Table 1). The overall mean Krippendorff ’s α
was 0.80 for content-based items and 0.66 for
interaction-based items.
The ﬁdelity scores ranged from 11.17 (95% CI = 8.62–
13.71) to 62.94 (95% CI = 59.51–66.36) for adherence,
with a maximum possible score of 74, and ranged from 0
to 11.06 (95% CI = 10.00–12.13) for quality, with a max-
imum possible score of 16 (Table 2). The mean scores and
Table 1 Item description, average coder scores and inter-coder reliability estimates.
Item
number Item content
Coder 1 score
mean
Coder 2 score
mean
Coder 3 score
mean
Krippendorff ’s α
(95% CI)
Adherence (content-based items)
Assess smoking behaviour 1.29 1.27 1.28 0.868 (0.80–0.93)
Item 2 Provide awareness about forms of tobacco 1.35 1.23 1.24 0.755 (0.69–0.82)
Item 3 Provide information on harms of tobacco use: blood
pressure and heart
1.34 1.20 1.11 0.715 (0.64–0.79)
Item 4 Provide information on harms of tobacco use: lung 1.37 1.27 1.19 0.738 (0.66–0.81)
Item 5 Provide information on harms of tobacco use: $, oral
health
1.33 1.16 1.11 0.707 (0.63–0.78)
Item 6 Provide information on harms of tobacco use: children
health
1.39 1.30 1.20 0.755 (0.68–0.82)
Item 7 Provide information on harms of tobacco use: pregnancy 1.24 1.18 1.16 0.719 (0.64–0.79)
Item 8 Decide to quit 0.99 0.97 0.95 0.759 (0.68–0.83)
Item 9 Provide information on beneﬁts of quitting 0.97 0.92 0.88 0.861 (0.81–0.90)
Item 10 Assess readiness to quit 1.92 1.88 1.86 0.675 (0.34–0.91)
Item 11 Elicit reason to quit 1.41 1.37 1.37 0.782 (0.71–0.85)
Item 12 Prompt commitment to quit 1.89 1.82 1.82 0.519 (0.18–0.79)
Item 13 Assess quit in past 1.74 1.77 1.79 0.734 (0.61–0.85)
Item 14 Assess past history of quit attempts 1.35 1.37 1.44 0.729 (0.63–0.83)
Item 15 Assess nicotine dependence 1.74 1.77 1.79 0.885 (0.78–0.98)
Item 16 Set quit date 0.75 0.75 0.67 0.774 (0.63–0.89)
Item 17 Advise on hiding reminders 0.83 0.83 0.81 0.856 (0.73–0.96)
Item 18 Advise on declaring home smoke-free 0.77 0.70 0.69 0.858 (0.74–0.96)
Item 19 Advise on social support 0.77 0.79 0.77 0.890 (0.79–0.98)
Item 20 Advise on telling others about the quit attempt 0.76 0.81 0.75 0.862 (0.75–0.96)
Item 21 Identify trigger, prepare and plan to manage: after rising 1.12 1.01 0.94 0.678 (0.58–0.77)
Item 22 Trigger management: defecation 0.97 0.88 0.70 0.640 (0.54–0.73)
Item 23 Trigger management: eating meals 0.94 0.85 0.75 0.681 (0.59–0.76)
Item 24 Trigger management: free or bored 0.99 0.91 0.70 0.636 (0.54–0.72)
Item 25 Trigger management: seeing others smoke 0.92 0.88 0.71 0.645 (0.54–0.73)
Item 26 Trigger management: offered smoke 0.84 0.81 0.64 0.655 (0.56–0.74)
Item 27 Trigger management: intense work 0.89 0.73 0.66 0.638 (0.53–0.74)
Item 28 Trigger management: anxious 0.83 0.73 0.56 0.610 (0.50–0.71)
Item 29 Provide information on withdrawal symptoms: craving 0.63 0.55 0.51 0.812 (0.75–0.87)
Item 30 Provide information on withdrawal symptoms:
restlessness
0.58 0.51 0.42 0.776 (0.70–0.85)
Item 31 Provide information on withdrawal symptoms:
headache
0.61 0.57 0.47 0.810 (0.74–0.87)
Item 32 Provide information onwithdrawal symptoms: insomnia 0.60 0.51 0.41 0.760 (0.67–0.84)
Item 33 Provide information on withdrawal symptoms:
indigestion
0.62 0.62 0.45 0.740 (0.66–0.82)
Item 34 Provide information on withdrawal symptoms: anorexia
and constipation
0.60 0.56 0.49 0.749 (0.67–0.83)
Item 35 Provide information on withdrawal symptoms: cough 0.55 0.51 0.45 0.720 (0.64–0.80)
Item 36 Provide information on withdrawal symptoms: weight
gain
0.50 0.44 0.40 0.802 (0.73–0.87)
Item 37 Offer information leaﬂet 0.44 0.43 0.39 0.879 (0.76–0.97)
Quality (interaction-based items)
(Continues)
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standardized mean scores for each ﬁdelity domain by pro-
vider are shown in Table 2.
PCA
Fifty-two per cent of the variance for the full index was ex-
plained by a single component. Items 10, 12, 15, 16, 37,
39 and 40 did not load well (threshold < 0.4) across the
coders. When analysing the items from the two ﬁdelity do-
mains separately, a single component explained 60 and
91% of the variance, respectively. Content-based items
(10, 12, 15, 16 and 37) showed loadings below the thresh-
old of 0.4; the interaction-based item (39) also did not load
well (Supporting information, Tables S9, S10 and S11).
For adherence domain (Table 3), four components
showed eigenvalues >1 (Supporting information, Table
Table 1. (Continued)
Item
number Item content
Coder 1 score
mean
Coder 2 score
mean
Coder 3 score
mean
Krippendorff ’s α
(95% CI)
Item 38 Build general rapport 0.50 0.37 0.40 0.632 (0.52–0.74)
Item 39 Explain expectations regarding treatment programme 0.05 0.02 0.03 0.052 (0.60–0.64)
Item 40 Provide reassurance 0.25 0.18 0.16 0.481 (0.31–0.66)
Item 41 Communication approaches: elicit and answer questions 0.36 0.43 0.39 0.741 (0.65–0.82)
Item 42 Communication approaches: use reﬂective listening 0.34 0.23 0.23 0.737 (0.63–0.84)
Item 43 Communication approaches: summarize information
and conﬁrm client decisions
0.48 0.34 0.38 0.679 (0.57–0.78)
Item 44 Tailor interactions appropriately 0.18 0.21 0.12 0.729 (0.58–0.85)
Item 45 Emphasize choice 0.47 0.51 0.42 0.692 (0.60–0.78)
Mean Krippendorff ’s α for adherence to content was 0.80 and for quality of interaction was 0.66. Items in bold type show low agreement (α < 0.67) The re-
sponse option anchors for each item were 0 = not implemented, 1 = partially implemented and 2 = fully implemented except for items 10, 12, 16–20 and 37,
where the response option anchors were 0 = not implemented and 2 = implemented. CI = conﬁdence interval.
Table 2 Average ﬁdelity scores and proportion quit (from ASSIST study) by providers.
Provider
ID
Number
of
patients
Fidelity scores Standardized ﬁdelity scores
Quit rates (ASSIST study)
Adherence: content-
based items
Quality: interaction-
based items
Adherence: content-
based items
Quality:
interaction-based
items
Mean (95% CI) Mean (95% CI) Mean (SD) Mean (SD)
Number of
patients
Proportion
quit
24 6 11.17 (8.62–13.71) 0.04 (0.04–0.13) 0.31 (0.19) 0 (0) 61 0.26
26 5 13.05 (11.18–14.92) 0.10 (0.04–0.24) 0.36 (0.07) 0 (0) 57 0.72
4 9 14.83 (12.87–16.79) 0 0.39 (0.16) 0 (0) 64 0.41
27 10 21.33 (17.96–24.69) 0.28 (0.08–0.47) 0.41 (0.11) 0 (0) 54 0.35
7 9 17.06 (15.26–18.85) 0 0.43 (0.14) 0 (0) 60 0.20
22 10 24.85 (20.72–28.98) 0.75 (0.05–1.55) 0.62 (0.22) 0.03 (0.08) 55 0.40
25 10 31.85 (29.80–33.90) 1.53 (0.93–2.12) 0.82 (0.17) 0.03 (0.05) 55 0.62
11 10 34.13 (29.20–39.05) 2.13 (1.36–2.89) 0.93 (0.43) 0.26 (0.27) 60 0.57
28 9 34.19 (31.88–36.51) 0.67 (0.45–0.88) 0.94 (0.19) 0.08 (0.06) 55 0.67
21 8 35.16 (30.12–40.20) 0.81 (0.48–1.15) 0.96 (0.38) 0.09 (0.11) 60 0.55
5 9 37.86 (33.74–41.98) 2.75 (2.38–3.12) 1.04 (0.36) 0.33 (0.11) 60 0.52
19 8 43.06 (40.36–45.77) 11.06 (10.00–12.13) 1.14 (0.18) 1.38 (0.42) 62 0.55
3 10 43.85 (41.40–46.30) 7.98 (7.39–8.56) 1.19 (0.22) 1.00 (0.22) 60 0.55
23 8 48.56 (42.64–54.48) 3.19 (2.22–4.15) 1.20 (0.41) 0.23 (0.10) 57 0.54
2 9 47.50 (43.79–51.21) 0.72 (0.14–1.31) 1.30 (0.28) 0.07 (0.17) 60 0.32
20 10 54.02 (52.11–56.29) 2.50 (1.57–3.43) 1.48 (0.15) 0.31 (0.36) 60 0.07
9 10 59.23 (56.91–61.54) 2.33 (1.53–3.12) 1.61 (0.18) 0.29 (0.29) 59 0.46
8 4 62.94 (59.51–66.36) 4.13 (2.55–5.70) 1.72 (0.16) 0.50 (0.35) 59 0.19
ASSIST = Action to Stop Smoking In Suspected Tuberculosis; SD = standard deviation; 95% CI = 95% conﬁdence interval.
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S12) in addition to the ﬁrst component that explained 60%
of variance. These components roughly map to the ﬁve as-
pects of the BS intervention: assessments of dependency,
providing information about the consequences of smoking
and cessation, preparing for the quit attempt, managing
triggers to smoke and managing nicotine withdrawals.
Items 1 and 37 did not load well. Overall, three items (10,
12 and 15) did not load well in spite of being delivered.
G-study
The g-coefﬁcients were 0.973 for adherence and 0.974 for
quality, showing that the providers, after accounting for
other sources of variation (Supporting information, Appen-
dix S2), contributed approximately 97% of the variation in
BS delivery. The crude ICC for provider differences in adher-
ence scores was 0.72 and in quality scores was 0.71, indi-
cating that providers contributed approximately 70% of the
variation in intervention delivery when other sources were
not adjusted. The inclusion of district in the model as a
ﬁxed-effect neither correlated signiﬁcantly with the adher-
ence scores (β =7.21, F(df = 1, 272) = 0.94, P = 0.33) nor
the quality scores (β = 0.29, F (d.f. = 1, 272 = 0.04,
P = 0.84).
The ﬁndings of the psychometric analysis do not suggest
removing items from the ﬁdelity index, as the core problem
was largely lack of variance in the sample. Overall, ﬁdelity
and item scores showed variability across providers, indi-
cating the applicability of the coding system (i.e. few ceiling
or ﬂoor effects; services not bunched together clumping in
one limited score range). Kripendorff ’s alpha and g-
coefﬁcients estimates conﬁrmed that the coding structure
of the index items reliably captured variation in providers
intervention delivery.
Study 2. Association of ﬁdelity with outcomes
Relative to content-based items, interaction-based items
of the BS intervention were poorly implemented (fully im-
plemented in < 10% and partially in 10–20% of the ses-
sions) (Fig. 2).
The degree of similarity in the providers’ practice be-
tween the current study and ASSIST was found to be mod-
erate for management of patient triggers (Kendall’s W:
0.69, P = 0.06) and high for withdrawal symptoms
(Kendall’s W: 0.75, P = 0.03).
The binomial regression (model 1, Table 4) indicates
that an increase in the quality scores of the provider led
to a 50% increase in the quit rates (P< 0.05). An increase
in the adherence scores of the provider led to a 24% de-
crease in the quit rates (P = 0.055). When including both
variables in the same model (model 2, Table 4), the associ-
ation of adherence scores with quit rates became statisti-
cally signiﬁcant, although remaining negative, and the
association of quality scores with quit rates became
stronger (model 2, Table 4). A negative interaction was
found between adherence and quality scores
(P < 0.0001) (model 3, Table 4).
DISCUSSION
The BCT taxonomy for smoking cessation was used to code
the activities of the ASSIST 5As intervention into content-
and interaction-based items. The derived index was applied
to BS sessions recorded in chest clinics in Pakistan to mea-
sure ﬁdelity and explore reliability. Comprising 45 items, 37
on adherence (content-based) and eight on quality (inter-
action-based), the ﬁdelity index was found reliable for cod-
ing BS despite varying coder skills. Items on setting a quit
date, offering an information leaﬂet, explaining treatment
expectations and providing reassurance seemed valid, but
were not fully assessed due to low variability across the
sample. Linking average ﬁdelity scores for providers with
successful quit provided useful insights into the delivery of
BS for smoking cessation. Quantifying BCTs for the quality
domain that required tailoring to patient needs, using an
anchored scale, might be an over-simpliﬁcation of a some-
what complex process. Most frequently delivered BCTs in
the study included information-gathering and addressing
motivation (e.g. providing information about the harms of
smoking and assessments of nicotine dependence). Least
implemented were maximizing self-regulatory capacity,
communication and delivery of intervention (e.g. manage-
ment of triggers and withdrawals, building rapport, provid-
ing reassurance), as reported by the ﬁdelity study in
England’s Stop Smoking Services [7]. Some of the least im-
plemented BCTs in our study, such as emphasizing choice,
conﬁrming client decisions, advising on changing routine
and facilitating relapse prevention, might have been difﬁ-
cult to capture, being more subjective than the content-
based activities, or it might reﬂect provider competence,
motivation or patient preferences. These phenomena need
to be explored in future research.
Given the interpersonal nature of counselling, it is un-
surprising that BS effectiveness was strongly inﬂuenced
by interaction with providers [24]. A recent meta-analysis
of intervention ﬁdelity for motivational interviewing [46]
found that interventions with higher implementation of in-
terpersonal BCTs produced larger effects on behaviour
change. The association of successful quit with better qual-
ity scores could also reﬂect a non-speciﬁc effect due to
higher patient satisfaction. The ﬁnding that adherence
was negatively associated with successful quit, even after
adjusting for the quality, appears counter-intuitive [5].
However, complete adherence to intervention ingredients
as a desirable goal is contested [7,16]. High and moderate
quit rates showed similar levels of adherence across a sam-
ple of English Stop Smoking Services [7]. Furthermore, the
Fidelity index for smoking cessation delivery 7
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Table 3 Identifying the principal components for adherence domain.
Items
Loading 1 Loading 2 Loading 3 Loading 4 Loading 5
C 1 C 2 C 3 C 4 C 1 C 2 C 3 C 4 C 1 C 2 C 3 C 4 C 1 C 2 C 3 C 4 C 1 C 2 C 3 C 4
Item 1 0.02 0.11 0.02 0.09 0.31 0.12 0.15 0.06 0.1 0.3 0.04 0.18 0.36 0.23 0.26 0.38 0.23 0.12 0.36 0.15
Item 2 0.03 0 0.04 0.08 0.28 0.53 0.71 0.67 0.57 0.16 0.05 0.03 0.11 0.14 0.09 0.1 0.02 0.05 0.06 0.07
Item 3 0.15 0.03 0.01 0.02 0.28 0.76 0.84 0.76 0.59 0.04 0.08 0.12 0.06 0.06 0.08 0.07 0.11 0.17 0.07 0.16
Item 4 0.01 0.04 0.04 0.01 0.33 0.82 0.87 0.81 0.68 0 0 0.09 0.1 0.1 0.05 0.02 0.11 0.01 0.12 0.04
Item 5 0.04 0.03 0.07 0.02 0.37 0.77 0.85 0.81 0.66 0.03 0.13 0.12 0.04 0.09 0.02 0.01 0.04 0.01 0 0.06
Item 6 0.03 0.04 0.03 0.05 0.3 0.94 0.88 0.93 0.72 0.02 0.05 0.04 0.1 0.06 0.01 0.03 0.07 0.06 0 0.1
Item 7 0.07 0.09 0.08 0.12 0.28 0.86 0.83 0.93 0.73 0.04 0.05 0 0.02 0.07 0.05 0.04 0.04 0.06 0.06 0.04
Item 8 0.34 0.31 0.23 0.22 0.13 0.46 0.52 0.52 0.56 0.11 0.08 0.09 0.21 0.03 0.07 0.14 0.02 0.06 0.04 0.05
Item 9 0.22 0.19 0.17 0.16 0.09 0.49 0.62 0.54 0.72 0.18 0.16 0.24 0.17 0.07 0.06 0.06 0.11 0.07 0.14 0.08
Item 10 0.02 0.1 0.09 0 0.04 0.05 0.04 0.03 0.01 0.02 0.03 0 0.12 0.04 0.1 0.04 0.69 0.69 0.68 0.74
Item 11 0.01 0.04 0 0.06 0.23 0.37 0.37 0.38 0.39 0.07 0.01 0.11 0.01 0.12 0.07 0.1 0.38 0.43 0.39 0.34
Item 12 0 0.02 0.08 0.01 0.04 0.02 0.07 0.08 0.07 0.06 0.04 0.13 0.01 0.16 0.13 0.1 0.64 0.63 0.65 0.74
Item 13 0.07 0.17 0.04 0.07 0.17 0.17 0.23 0.26 0.25 0.11 0.12 0 0.01 0.06 0.03 0 0.61 0.58 0.43 0.51
Item 14 0.08 0.12 0.13 0.03 0.16 0.06 0.28 0.32 0.32 0.15 0.15 0.06 0.16 0.05 0.15 0.2 0.5 0.6 0.39 0.43
Item 15 0.01 0.1 0.02 0.01 0.18 0.34 0.32 0.31 0.35 0.37 0.03 0.03 0.25 0.16 0.3 0.34 0.47 0.39 0.53 0.48
Item 16 0.01 0.06 0.03 0.05 0.07 0.1 0.17 0.01 0.03 0.62 0.17 0.04 0.66 0.19 0.52 0.63 0.15 0.16 0.02 0.03
Item 17 0.09 0.14 0.05 0.07 0.01 0.02 0 0.04 0.04 0.75 0.05 0.06 0.84 0.02 0.85 0.82 0.03 0.02 0.02 0.01
Item 18 0.09 0.26 0.09 0.17 0.09 0.05 0.03 0.07 0.03 0.82 0.06 0.01 0.89 0.07 0.9 0.88 0.05 0.06 0.04 0.06
Item 19 0.02 0.01 0.07 0.04 0.05 0.09 0.11 0.1 0.12 0.84 0 0.04 0.85 0.01 0.9 0.86 0.01 0.04 0.04 0.01
Item 20 0.04 0.1 0.06 0.03 0.07 0.16 0.15 0.12 0.08 0.84 0.04 0.07 0.84 0.1 0.77 0.8 0.07 0.05 0.01 0.05
Item 21 0.19 0.25 0.09 0.06 0.63 0.2 0.05 0.04 0.16 0 0.68 0.75 0.07 0.45 0 0.05 0.09 0.1 0.02 0.06
Item 22 0.09 0.01 0.02 0.03 0.67 0.06 0.01 0 0.16 0.17 0.75 0.76 0.19 0.6 0.08 0.12 0.04 0.02 0.07 0.01
Item 23 0.07 0.08 0.02 0.01 0.83 0.15 0.02 0.15 0.12 0.06 0.84 0.81 0.07 0.69 0.03 0.04 0 0.07 0.09 0.06
Item 24 0 0.23 0.06 0.09 0.88 0.15 0.09 0.03 0.04 0.12 0.82 0.81 0.03 0.66 0.13 0.02 0.04 0.02 0.03 0.02
Item 25 0.16 0.3 0.08 0.2 0.82 0.01 0.09 0.09 0.05 0.06 0.8 0.76 0.06 0.65 0.01 0.06 0.04 0.01 0.04 0
Item 26 0.09 0.22 0.06 0.15 0.77 0.09 0.09 0.05 0.05 0.03 0.82 0.77 0.08 0.65 0 0.03 0 0.02 0.01 0.01
Item 27 0.13 0.19 0.09 0.12 0.78 0.17 0.07 0.13 0.07 0.05 0.72 0.66 0.04 0.56 0.13 0.09 0.04 0.06 0.03 0.05
Item 28 0.12 0.23 0.16 0.16 0.88 0.01 0.07 0.05 0.05 0.09 0.65 0.64 0.06 0.59 0.07 0.14 0.04 0.08 0.04 0.04
Item 29 0.8 0.87 0.84 0.85 0.01 0.03 0.05 0.04 0.05 0.01 0.08 0.08 0.08 0.02 0.03 0.01 0.01 0.01 0.04 0.02
Item 30 0.88 0.82 0.86 0.9 0.05 0.05 0.09 0.05 0 0.05 0.02 0.04 0.02 0.06 0.08 0.01 0.02 0.02 0.04 0.02
Item 31 0.92 0.96 0.84 0.9 0.03 0.01 0.1 0.12 0.02 0.05 0.04 0.1 0.07 0.05 0.02 0.03 0.05 0.01 0.03 0.03
Item 32 0.89 0.9 0.81 0.92 0.02 0.07 0.04 0.02 0.01 0.04 0.01 0.06 0.05 0.06 0.05 0.03 0.04 0.15 0.06 0.1
Item 33 0.9 1.01 0.87 0.96 0 0.11 0.07 0.11 0.13 0.12 0.05 0.03 0.04 0.15 0.09 0.14 0.06 0.04 0.04 0.02
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service with lower adherence (56%) was potentially more
effective in achieving higher patient quit compared to ser-
vices with higher adherence (69%). Delivering complex in-
terventions possibly requires providers to manage too
many dimensions at the same time, making the task longer
and tedious, and so less effective if fully implemented
[47,48]. More simultaneously delivered behaviour change
elements could also potentially make it complex for the pa-
tients to understand and engage in. We should consider
simplifying the content of smoking cessation interventions
and shift focus to the interpersonal aspects of the patient–
provider interaction as ‘more is sometimes less’ in health
behaviour change [49].
A ﬁdelity index offers numerous applications for
smoking cessation practice. Compared to practicemanuals,
it can make the content of time-limited interventions more
focused if used as a self-recording checklist by the providers
[7]. It could help to standardize approaches to reduce wide
variations in implementation of active ingredients and re-
duce failure to achieve the original effectiveness of the in-
terventions [50]. In addition to the content-based items,
using the quality domain on interaction-based items, the
index can facilitate identiﬁcation of speciﬁc skills and com-
petence, provider training needs. Local practices could link
implemented ingredients with quit outcomes and recom-
mend adaptations to the services for their respective con-
text by studying trends over time. The development of
this ﬁdelity index focused on provider practice and attitude
in delivering BS, relying heavily on BCT taxonomy. This
may have missed the wider psychological processes of be-
haviour change not covered by BCT taxonomies. Incorpo-
ration of additional interaction-based items in the index,
such as the relational techniques used in motivational
interviewing [24], might improve the operational value of
the ﬁdelity index. There is potential for developing shorter
versions of the ﬁdelity index and for optimized intervention
delivery if the active ingredients can independently predict
quit outcomes. Studies using multi-phase optimization
strategy and sequential multiple-assignment randomized
trials could move the ﬁeld forward in providing suchmech-
anistic evidence [51–53].
The study had several limitations. The use of
audiotaping meant that important aspects of non-verbal
interaction will have been missed. Capturing both verbal
and non-verbal interaction using conversation analysis
[54] of videotaped BS sessions should be considered. Never-
theless, in this study, direct observation of patient–provider
sessions via audio recordings was considered less intrusive
than video for capturing the key elements of the interven-
tion delivery process [7,40].
The retrospective linking of provider ﬁdelity scores
with patient quit rates from the past raises questions
about causality. The practice scores, used to test the as-
sumption that providers’ BS delivery practice was similarTa
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in the gap between the two studies, were self-recorded
and might be subject to reporting bias. Such retrospec-
tive linkage can introduce bias in the study
estimates, especially when there is state dependence in
respondent’s choices [55]. True state dependence, where
behaviour relevant to future choices is altered because of
experiencing an event, is unlikely in the case of providers
completing the self-record checklist in this study, as they
did not receive any behaviour change training between
the two studies.
The study had to consider data at the provider- rather
than patient-level, thus reducing the statistical power of
Figure 2 Smoking cessation behavioural support intervention ﬁdelity
10 Omara Dogar et al.
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the analysis. Although the implementation pattern of BCTs
indicated that the delivery of smoking cessation BS in this
study was similar to that of stop-smoking advisers in the
United Kingdom, generalizability of the ﬁndings from this
study is still limited. The ﬁdelity index represented a speciﬁc
smoking cessation intervention delivered in chest clinics of
Pakistan. Replication of the methods used in this study and
application of different versions of the ﬁdelity index in di-
verse settings is required.
CONCLUSION
The ﬁdelity index is a reliable measure of the delivery of be-
haviour change features of a smoking cessation interven-
tion in clinical practice. It provides a method to score
intervention ﬁdelity for individual ingredients, enabling its
use as an intermediate variable to explain the
intervention–outcome relationship. Recommended revi-
sions of the ﬁdelity index include incorporation of addi-
tional interaction-based items, such as the relational
techniques used in motivational interviewing.
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